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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a zirconium-cerium-based compound oxide 
excellent in heat resistance, capable of maintaining a high specific surface area even in 
the case of use in a high-temperature environment and to provide a method capable of 
producing the compound oxide in excellent reproducibility and economically. 
SOLUTION: This zirconium-cerium-based compound oxide is a compound oxide baked at 
500-1, 000°C, comprises zirconium and cerium, has the blending ratio of zirconium and 
cerium calculated as zirconium oxide and eerie oxide of (5 1-95): (45-5) by weight, shows at 
least 50m2/g specific surface area after baking at 500-1 ,000°C, maintains at least 20m2/g 
specific surface area after heating at 1,100°C for 6 hours and contains 0.1-20wt.% of the 
total calculated as oxide of at least one selected from the group consisting of yttrium, 
scandium, lanthanum, praseodymium, neodium, samarium, europium, gadolinium, 
magnesium, calcium, barium, aluminum, titanium and hafnium. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the multiple oxide calcinated and obtained at 500-1000 degrees C. This multiple oxide 
The rate of a compounding ratio of said zirconium converted into a zirconium dioxide and the 
second cerium of oxidization and a cerium including a zirconium and a cerium Are 51-95:49-5 in a 
weight ratio, and the specific surface area after calcinating at said 500-1000 degrees C shows at least 
50m2/g. And the zirconium-cerium system multiple oxide characterized by maintaining the specific 
surface area of at least 20m2/g after 6-hour heating at 1 100 degrees C. 

[Claim 2] The zirconium-cerium system multiple oxide according to claim 1 characterized by 
containing one sort chosen from the group which said multiple oxide becomes from an yttrium, a 
scandium, a lanthanum, a praseodymium, neodymium, samarium, europium, a gadolinium, 
magnesium, calcium, barium, aluminum, titanium, and a hafnium further, or two sorts or more 0.1 to 
20% of the weight with the total quantity which carries out oxide conversion. 
[Claim 3] The manufacture approach of the zirconium-cerium system multiple oxide according to 
claim 1 or 2 which is made to carry out the pyrogenetic reaction of the mixture containing zirconium 
hydroxide of 0.5-50 micrometers of mean diameters, and the cerium sol of 3-100nm of mean 
diameters of a colloidal particle to the number of cerium mols in this mixture to the bottom of the 
nitric-acid existence of a five to 10 time mol, adds a base, is subsequently made to react further, 
calcinates the obtained product at 500-1000 degrees C, and is characterized by grinding. 
[Claim 4] The manufacture approach of the zirconium-cerium system multiple oxide containing one 
sort chosen from the group which said mixture becomes from the salts of an yttrium, a scandium, a 
lanthanum, a praseodymium, neodymium, samarium, europium, a gadolinium, magnesium, calcium, 
barium, aluminum, titanium, and a hafnium, or two sorts or more according to claim 3. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention is available in the catalyst field, the functional-ceramics field, 
the solid electrolyte field for fuel cells, etc., and relates to the zirconium-cerium system multiple 
oxide which has the available outstanding thermal resistance suitably especially as a co-catalyst 
ingredient in the catalyst for emission gas purification of an automobile, and its manufacturing 
method. 
[0002] 

[Description of the Prior Art] The co-catalyst for raising the platinum which is a catalyst metal, 
palladium, rhodiums, etc. and these catalyses to catalyst support, such as an alumina and cordierite, 
is supported, and catalysts for emission gas purification, such as an automobile, are constituted. The 
cerium oxide system ingredient as this co-catalyst ingredient absorbs oxygen under an oxidizing 
atmosphere, and in order to purify at the effectiveness which was excellent with the property of the 
cerium oxide of emitting that oxygen under reducing atmosphere, and the so-called oxygen uptake 
and emission ability, in a hydrocarbon, a carbon monoxide, nitrogen oxides, etc. which are the 
injurious ingredients in exhaust gas, it is used in large quantities. Moreover, since a zirconium 
dioxide raises the property of said cerium oxide, as a co-catalyst ingredient, a zirconium-cerium 
system multiple oxide becomes in use, and the rate of an use rate has been increasing it. 
[0003] When operating the co-catalyst ingredient of this system, the most important thing is 
maintaining an elevated temperature, and like [ at the time of engine starting ], when the temperature 
of exhaust gas is low, purification effectiveness is bad. In recent years, an automaker is going to 
bring the distance of an engine and catalyst equipment close, and it is going to cope with this 
problem by introducing the elevated-temperature exhaust gas immediately after exhaust air into 
catalyst equipment. 

[0004] However, a new problem arose about the thermal resistance of a catalyst ingredient in this 
case. The specific surface area of the co-catalyst ingredient used from generally the effectiveness of 
the offgas treatment by the catalyst being proportional to the activity phase of a catalyst and the 
touch area of exhaust gas must be fully large. However, the co-catalyst ingredient with which the 
particle of the present zirconium-cerium system multiple oxide cannot be said to be enough about 
thermal resistance, but is stabilized since specific surface area falls with grain growth in the 
operating environment of elevated-temperature long duration, and high specific surface area is 
maintained is called for strongly. 

[0005] About the manufacture approach of a zirconium-cerium system multiple oxide excellent in 
the conventional thermal resistance, the method of mixing a zirconium sol and a cerium sol to JP,6- 
279027,A and JP,8-16015,B, and adding a base, for example to them or the approach using spray 
drying is proposed. And about the thermal resistance of the obtained mixed oxide, it is indicated that 
the specific surface area after 1000-degree-C temporary quenching is 15m2/g. The manufacture 
approach of a mixed oxide of calcinating the mixture of the hydration zirconia sol of 0.2 
micrometers or less of mean diameters and compounds, such as Ce, Y, calcium, and Mg, is proposed 
by JP,5- 193948, A, and, as for the thermal resistance of the obtained mixed oxide, it is indicated that 
the specific surface area after 1050-degree-C temporary quenching is 12m2/g. The manufacture 
approach of a mixed oxide of calcinating the mixture of the hydration zirconia sol of 0.05-0.3 
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micrometers of mean diameters and 4nm or less of diameters of microcrystal and compounds, such 
as Ce, Y, calcium, and Mg, is proposed by JP,5-1 16945,A, and, as for the thermal resistance of the 
obtained mixed oxide, it is indicated that the specific surface area after 850-degree-C baking is 
1 5m2/g. Moreover, as the manufacture approach of a zirconic acid ghost, the approach which mixes 
the hydroxide, hydration oxide, oxide, etc. of the metal more than divalent in a zirconium salt water 
solution, and it is made to hydrolyze is proposed by JP,5-155622,A, and, as for the thermal 
resistance of the obtained mixed oxide, it is indicated that the specific surface area after 1000- 
degree-C baking is 8m2/g. 

[0006] Any above approach has the problem that the operate time which manufactures the target 
oxide is long. For example, by the approach [ need / a zirconia sol / to be received ], a problem is in 
productivity, like the hydrolysis time amount of a zirconium salt water solution exceeds 100 hours. 
[0007] Moreover, as an approach of only obtaining high specific surface area, the manufacture 
approach using the zirconia sol (5-500nm detailed zirconia colloidal particle) indicated by JP,6- 
279027,A and JP,8-16015,B is [ that what is necessary is just to control, the diameter of microcrystal 
i.e., the crystal growth degree, of an oxide, ] the optimal. However, although the crystal and particle 
diameter in the condition of an oxide are detailed therefore, to heat energy, it is very sensitive, and in 
sintering by the pyrosphere 900 degrees C or more, specific surface area becomes small remarkably 
and the oxide obtained by the manufacture approach of these known has the problem that thermal 
resistance is bad. That is, it is not suitable for the co-catalyst ingredient by which elevated- 
temperature use is carried out. Furthermore, by many manufacture approaches by which the 
conventional proposal is made, there is also a problem that impurity mixing of chlorine harmful for 
the catalyst resulting from a raw material, sulfur, etc. is not avoided. 
[0008] 

[Problem(s) to be Solved by the Invention] Therefore, especially the purpose of this invention is to 
offer the zirconium-cerium system multiple oxide which can maintain a high specific surface area, 
and its manufacture approach, when it has the thermal resistance which was excellent as a co-catalyst 
ingredient suitable for the catalyst for emission gas purification and is used under hot environments. 
Another purpose of this invention is to offer the manufacture approach which can prepare often 
[ repeatability ] and economically the zirconium-cerium system multiple oxide which has the 
outstanding thermal resistance. Other purposes of this invention are to offer the manufacture 
approach of a zirconium-cerium system multiple oxide without mixing of impurities, such as 
chlorine harmful for a catalyst, and sulfur, while having the outstanding thermal resistance. 
[0009] 

[Means for Solving the Problem] When the zirconium-cerium system multiple oxide by the 
conventional technique had a big specific surface area and this invention person heated to the 
elevated temperature, he did detailed research about the effect of a zirconium raw material about the 
cause that specific surface area falls rapidly. Consequently, the water solution of the zirconium sol 
known as an approach of obtaining the high multiple oxide of whenever [ dissolution-with zirconium 
dioxide and cerium oxide ] conventionally, or a zirconium salt, The multiple oxide precursor which 
the cerium sol or the cerium salt water solution was mixed [ precursor ], and made the base add and 
generate Probably because it was microcrystal nature, although it is very sensitive and the 
zirconium-cerium system multiple oxide which has the crystal phase of the high single phase of 
whenever [ dissolution ] by baking was generated to heat energy, the fall of the specific surface area 
by sintering by the pyrosphere was remarkable, and checked that high specific surface area was 
unmaintainable. Then, when a trial-and-error method was applied to the attempt which raises 
crystallinity in the phase of a precursor, as a result of considering the use and the effect of grain size 
of the zirconium hydroxide particle which was not taken up until now as a zirconium raw material in 
such a multiple oxide application of high specific surface area, the reaction approach for obtaining 
the precursor which compounded the cerium component or the addition component of further others 
is developed by using this particle as a parent, and it came to complete this invention. 
[0010] Namely, according to this invention, it is the multiple oxide calcinated and obtained at 500- 
1000 degrees C. The rate of a compounding ratio of said zirconium which this multiple oxide 
converted into a zirconium dioxide and the second cerium of oxidization including the zirconium and 
the cerium, and a cerium is 51-95:49-5 in a weight ratio. As occasion demands Furthermore, an 
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yttrium, a scandium, a lanthanum, a praseodymium, neodymium, Samarium, europium, a 
gadolinium, magnesium, calcium, One sort chosen from the group which consists of barium, 
aluminum, titanium, and a hafnium, or two sorts or more The specific surface area after containing 
0. 1 to 20% of the weight with the total quantity which carries out oxide conversion and calcinating at 
said 500-1000 degrees C shows at least 50m2/g. And the zirconium-cerium system multiple oxide 
characterized by maintaining the specific surface area of at least 20m2/g after 6-hour heating at 1 100 
degrees C is offered. According to this invention, moreover, zirconium hydroxide of 0.5-50 
micrometers of mean diameters, The need is accepted again in a cerium sol with a mean particle 
diameter [ of a colloidal particle ] of 3-100nm. An yttrium, A scandium, a lanthanum, a 
praseodymium, neodymium, samarium, europium, A gadolinium, magnesium, calcium, barium, 
aluminum, The pyrogenetic reaction of the mixture containing one sort chosen from the group which 
consists of salts of titanium and a hafnium, or two sorts or more is carried out to the number of 
cerium mols in this mixture to the bottom of the nitric-acid existence of a five to 10 time mol. 
Subsequently Add a base, it is made to react further and the manufacture approach of said 
zirconium-cerium system multiple oxide characterized by calcinating and grinding the obtained 
product at 500-1000 degrees C is offered. 
[0011] 

[Embodiment of the Invention] It is [ following ] this invention, and also explains to a detail. In the 
zirconium-cerium system multiple oxide of this invention, as for a multiple oxide, a zirconium 
dioxide and cerium oxide only say not a condition but the thing which forms a multiple oxide thru/or 
the solid solution partially or substantially of mixture. Although a cerium oxide component shows 
oxygen uptake and emission ability when this multiple oxide is used as a co-catalyst ingredient, a 
zirconium dioxide component raises the thermal resistance of this cerium oxide, and has the 
operation which demonstrates oxygen uptake and emission ability in a large temperature 
requirement. 

[0012] the weight ratio which converted the rate of a compounding ratio of the zirconium to contain 
and a cerium into a zirconium dioxide (Zr02) and the second cerium (Ce02) of oxidation in the 
multiple oxide of this invention - 51-95:49-5 - desirable - 55-85:45-15 - it is 60-80:40-20 still 
more preferably. If the thermal resistance the rate of a compounding ratio of a zirconium dioxide 
excelled [ thermal resistance ] less than in 51 is not fully obtained and 95 is exceeded, the oxygen 
uptake and emission ability by the cerium oxide component run short. The sum total content rate of 
the zirconium in a multiple oxide and a cerium has 80 desirable % of the weight or more at a 
zirconium dioxide and the second cerium conversion of oxidation. 

[0013] The specific surface area after calcinating and obtaining the multiple oxide of this invention 
at 500-1000 degrees C and calcinating in this temperature requirement shows at least 50m2/g, and 
specific surface area usually becomes low, so that burning temperature is high. For example, more 
than 70m2/g, if it is baking of 6 hours at 500 degrees C and is baking of 6 hours at 900 degrees C 
more than 90m2/g, if it is baking of 6 hours at 1000 degrees C, a high specific surface area more than 
50m2/g is shown. The ingredient which has the specific surface area of the high level in such a 
burning temperature is not conventionally known as a zirconium-cerium system multiple oxide. And 
the multiple oxide of this invention has the engine performance which maintains the specific surface 
area of at least 20m2/g after 6-hour heating at 1 100 degrees C. When heating oxide powder 
generally, sintering and grain growth become remarkable more than the temperature field of the 
specification depending on a presentation and the manufacture hysteresis of the powder, and the 
rapid fall of specific surface area arises. It is known for 1000 degrees C or more of profiles in a 
zirconium-cerium system multiple oxide that this reduction is remarkable, and it is designed so that 
the present catalyst equipment for emission gas purification may also usually work below about 900 
degrees C. In order for the elevated temperature around 1000 degrees C called for in this invention 
from now on to show the engine performance of an usable multiple oxide to an usable co-catalyst 
ingredient etc., the value of the specific surface area currently maintained after 6-hour heating at 
1 100 degrees C on the basis of 1 100 degrees C it is considered that is the upper limit of the 
temperature used as heat-resistant evaluation temperature of the obtained multiple oxide was made 
into the engine-performance index of a multiple oxide. In addition, in this invention, specific surface 
area is the value measured based on the BET adsorption method by the most standard nitrogen gas 
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adsorption as a specific-surface-area measuring method of fine particles. 

[0014] The multiple oxide of this invention may carry out the oxide conversion of one sort chosen 
from the group which consists of an yttrium, a scandium, a lanthanum, a praseodymium, 
neodymium, samarium, europium, a gadolinium, magnesium, calcium, barium, aluminum, titanium, 
and a hafnium further, or the two sorts or more besides a zirconium and a cerium, and may contain 
them in 0. 1 - 20% of the weight of the range with the total quantity. By making such a specific metal 
contain further, it is possible to give the further excellent thermal resistance. Under the present 
circumstances, at less than 0.1 % of the weight, since the oxygen uptake and emission ability 
demanded when the content of a cerium falls relatively and uses it for a co-catalyst etc. run short if 
effectiveness is not accepted in a heat-resistant improvement and 20 % of the weight is exceeded, it 
is not desirable. 

[0015] The manufacture approach of this invention can prepare said multiple oxide often 
[ repeatability ] and economically. By this manufacture approach, the pyrogenetic reaction of the 
mixture containing a specific zirconium raw material and a specific specific cerium raw material is 
first carried out to the bottom of the nitric-acid existence of the amount of specification. 
[0016] 1-30 micrometers of said specific zirconium raw materials are 5-25-micrometer zirconium 
hydroxide still more preferably preferably the mean particle diameter of 0.5-50 micrometers. When 
mean particle diameter is less than 0.5 micrometers, the multiple oxide of high specific surface area 
excellent in the thermal resistance made into the purpose of this invention is not obtained, but when 
exceeding 50 micrometers, the specific surface area of a multiple oxide falls. This zirconium 
hydroxide is the generic name of (1) zirconium-hydroxide Zr(OH)4 and nH20, (2) oxy-zirconium 
hydroxide ZrO(OH)2 and nH20, and (3) hydration zirconia Zr02 and nH20, and it can use as 
independent or mixture. Although said zirconium hydroxide can usually come to hand from a 
commercial item in the state of fine particles, it can be obtained by well-known approaches, such as 
adding bases, such as aqueous ammonia, ammonia gas, a sodium hydroxide, and a potassium 
hydroxide, for example to zirconium salt water solutions, such as a zirconium nitrate, a zirconium 
chloride, and zirconium nitrate. It is advantageous at the point that the process of a zirconium nitrate- 
ammonia system does not contain harmful impurities, such as chlorine and sulfur, especially. In 
addition, the grading-analysis meter (MKII mold) by the Leeds & North lap company based on a 
laser diffraction method performed measurement of mean particle diameter. 

[0017] 5-80nm of said specific cerium raw materials is a 10-50nm cerium sol still more preferably 
preferably the mean particle diameter of 3-100nm of a colloidal particle. This cerium sol means the 
thing in the condition that the cerium oxide of colloidal particle size, hydration cerium oxide, the 
hydroxylation cerium, or the solid-state particle (colloidal particle) of two or more forms distributed 
in the aquosity medium so that I may generally be understood. Industrially [ when the mean particle 
diameter of a colloidal particle is less than 3nm ], manufacture is difficult, and when exceeding 
lOOnm, in a back process, compound-ization with a zirconium dioxide cannot advance easily. In 
addition, the dynamic light scattering photometer (DLS-7000 mold) by the Otsuka electronic 
company based on a dynamic-light-scattering measuring method performed measurement of the 
diameter of a colloidal particle. Especially the manufacturing method of said cerium sol is not 
limited, and is acquired by the well-known method of making the second cerium water solution of a 
nitric acid hydro lyze etc., and can use a thing with a concentration of about 100-200g [/l. ] by cerium 
oxide conversion as a commercial item. In order to hold a sol condition to stability, its either is 
usable although a commercial cerium sol has nitric-acid acidity or the thing by which acetic-acid 
acidity is carried out. However, use of few [ as much as possible ] things of a residual of impurities, 
such as chlorine resulting from the raw material when manufacturing a cerium sol and sulfur, is 
desirable. 

[0018] As for the mixed rate of said zirconium hydroxide and said cerium sol, in said mixture, it is 
desirable to mix so that the mixed rate which could set up suitably so that it might become a 
theoretical ratio corresponding to the presentation ratio of a desired zirconium-cerium system 
multiple oxide, for example, converted the zirconium and the cerium into a zirconium dioxide and 
the second cerium of oxidation may be set to 51-95:49-5 by the weight ratio. As for preparation of 
mixture, it is desirable to carry out weighing capacity of said zirconium hydroxide and said cerium 
sol, to mix with the water of optimum dose and to consider as slurry-like mixture. Said zirconium 
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hydroxide in mixture and especially the concentration of said cerium sol have 1. desirable at the total 
quantity of oxide conversion in 20-150g /I. 10-200g A One sort chosen as said mixture from the 
group which consists of salts of an yttrium, a scandium, a lanthanum, a praseodymium, neodymium, 
samarium, europium, a gadolinium, magnesium, calcium, barium, aluminum, titanium, and a 
hafnium fUrther if needed, or two sorts or more can be added. As salts, although it can choose from a 
nitrate, a chloride, a sulfate, and other water-soluble salts, if it is the compound dissolved and ionized 
when it heats under nitric-acid acidity in degree process also except a water-soluble salt, it is usable. 
The nitrate which does not remain in the multiple oxide with which especially a harmful impurity is 
obtained is desirable. As for the amount of mixing of these salts, it is desirable to carry out weighing 
capacity and to mix in the multiple oxide obtained, by theoretical ratio from which the total quantity 
which carries out oxide conversion becomes 0.1 - 20 % of the weight. Detailed distribution of the 
mixed components other than these zirconiums and a cerium is carried out as dissolution thru/or an 
oxide into the multiple oxide obtained, and it has the operation which bars the crystal growth of the 
multiple oxide in an elevated temperature. 

[0019] performing the pyrogenetic reaction of said mixture under churning - desirable — this time - 
the number of cerium mols in mixture — receiving — a five to 10 time mol — desirable — a 5.5 to 8 
time mol — it is necessary to make the nitric acid of a mol exist 5.8 to 7 times still more preferably 
What is necessary is for it to be total, and just to add a nitric acid by the thing of the type stabilized 
with acetic-acid acidity also including the amount of nitric acids, that what is necessary is just to 
prepare so that a nitric acid may serve as the above-mentioned number of mols so that it may become 
the above-mentioned number of mols when the thing of the type stabilized with nitric-acid acidity as 
the above-mentioned cerium sol is used. By making the nitric acid of such an amount of 
specification exist, the crystal of each particle of zirconium hydroxide and a cerium sol repeats 
elution and a deposit, and crystal growth can be advanced, performing compound- ization of a 
zirconium and a cerium. A nitric acid cannot give the thermal resistance excellent in the multiple 
oxide which can become inadequate [ crystal growth ] under by the 5 time mol. On the other hand, 
since a zirconium hydroxide particle will dissolve and the zirconium of an ionic state will increase if 
a mol is exceeded 10 times, the precursor which detailed precipitate produces in a reaction with the 
base mentioned later, and this invention means and which fully grew is not obtained, and the 
multiple oxide excellent in thermal resistance is not obtained. 

[0020] The reaction temperature of 60-150 degrees C, preferably, the pyrogenetic reaction under said 
nitric-acid existence is 80-140 degrees C, and can be performed in reaction-time 1-36 hours. It can 
carry out under ordinary pressure or pressurization preferably. When carrying out under 
pressurization, it is possible to shorten reaction time by carrying out under about 1.5-10kg/cm2 
pressurization using pressurization containers, such as an autoclave. 

[0021] Subsequently a base is added and it is made to react further by the manufacture approach of 
this invention. After cooling especially preferably 60 degrees C or less of mixture made to react 
under existence of said nitric acid at 50 degrees C or less in this reaction, for example, a base can be 
added, churning etc. can be carried out and a reaction can be advanced. As a base, although a sodium 
hydroxide, a potassium hydroxide, aqueous ammonia, ammonia gas, or such mixture can be 
mentioned, it is aqueous ammonia preferably. Addition of a base uses a base as the water solution of 
moderate concentration, and in the case of the approach of adding, while agitating into said cooled 
mixture, and ammonia gas, it can carry out by the approach of blowing into a container etc., 
agitating. If it is judged easily and pH exceeds 10 by following change of pH of mixture, the limit of 
the amount of the base to add will be enough and a reaction will complete it. The solid and metal ion 
which existed in mixture are substantially compound-ized altogether by this reaction, and can settle 
the product to which crystal growth progressed by it. Drawing 1 and drawing 2 are the results of 
carrying out X diffraction measurement of the product of this phase in the example (example 1) and 
the example 1 of a comparison of this invention which are mentioned later on the same conditions 
(the term of an example describing), and it turns out that the crystallinity of the product by this 
invention is high. It becomes a suitable precursor in order that this product may obtain the multiple 
oxide of the request excellent in thermal resistance. This precursor is separable by for example, the 
nutsche method, the centrifuge method, the filter press method, etc. Moreover, rinsing of precipitate 
can also be added to need extent. Furthermore, in order to raise the effectiveness of the following 
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baking process, the process which dries the obtained precipitate moderately may be added. 
[0022] By the manufacture approach of this invention, a desired multiple oxide can be obtained by 
calcinating and grinding said obtained product at specific temperature. Burning temperature can 
choose the temperature of the arbitration between 500-1000 degrees C. Having made minimum 
temperature into 500 degrees C is based on the following reason. In drawing 3 , the result of having 
measured heating weight change of a product using the thermobalance (Rigaku electrical machinery 
company manufacture TG-DTA-812H mold use) shows having completed weight reduction at 500 
degrees C. That is, at less than 500 degrees C, a zirconium-cerium system multiple oxide has an 
incomplete burning temperature, and since the hydroxyl group, the acid radical, the base, etc. remain, 
in case it is used under an elevated temperature, since they are emitted, it cannot adopt. Drawing 4 
compares and investigates change of the diameter of microcrystal to burning temperature (6 hours 
each) in a temperature field 500 degrees C or more about the multiple oxide by this invention (the 
below-mentioned example 1) and the example 1 of a comparison. Drawing 5 is change of the 
specific surface area corresponding to them. Both drawings show maintaining a high specific surface 
area that it is [ therefore ] hard to make microcrystal big and rough (a degree of sintering is ), even 
when the multiple oxide by this invention calcinates by the pyrosphere. Although the burning 
temperature for considering as a desired multiple oxide can be chosen as arbitration from the specific 
surface area which it is required or is guaranteed, and the value of bulk density, an upper limit is 
limited to 1000 degrees C or less from a practical viewpoint as a co-cataly st ingredient of thinking 
specific surface area as important. 500-800 degrees C is 500-600 degrees C still more preferably 
preferably. On balance with temperature, firing time may be set up suitably and is 1 - 10 hours 
preferably, if the range of the multiple oxide by this invention is 500-1000 degrees C - the baking 
condition - it is not based on how, but has the outstanding thermal resistance, and, in addition, has a 
high specific surface area more than 20m2/g in heating for 1 100-degree-C 6 hours. 
[0023] Said grinding can carry out the calcinated multiple oxide using the grinder generally used, for 
example, a hammer mill etc., and can obtain the powder of a desired grain size enough. Since this 
has the small degree of sintering of the obtained multiple oxide, a grindability is good and is based 
on things. 
[0024] 

[Effect of the Invention] Since the multiple oxide of this invention uses the multiple oxide of a 
zirconium and a cerium as a principal component, it has a high specific surface area and it has the 
outstanding thermal resistance which maintains the specific surface area of at least 20m2/g after 
1 100-degree-C heating of 6 hours especially It especially replaces with the conventional zirconium- 
cerium system multiple oxide, and can use as a co-catalyst of the catalyst for emission gas 
purification etc., use by the pyrosphere beyond the conventional limitation is possible, and it is very 
useful in the field of the efficient catalyst for emission gas purification. Moreover, in the 
manufacturing method of this invention, the multiple oxide which has said high specific surface area 
and high thermal resistance can be obtained often [ repeatability ] and economically. 
[0025] 

[Example] Hereafter, although an example and the example of a comparison explain to a detail 
further, this invention is not limited to these. 

[0026] 81.05g (triple-purpose metal industrial stock type firm make, 99.9% of purity, the zirconium 
dioxide conversion content of 40.1 % of the weight, mean particle diameter of 18.56 micrometers) of 
example 1 zirconium hydroxide, Cerium sol (Rhone-Poulenc S.A. make, cerium ion content [ of 5 or 
less % of the weight ], cerium oxide conversion concentration of 100g/l.) 150ml, 16.67ml (Anan 
formation incorporated company make, purity of 99.9%, lanthanum trioxide conversion 
concentration of 150g/l.) of lanthanum nitrate water solutions was mixed, and the mixture of 
ZrO2:CeO2:La2O3=65:30:5 (weight ratio) was obtained. Into the obtained mixture, further, it added 
so that it might exist by the mol 6 times, and 11. of total cerium mol mixture adjusted by desalted 
water so that oxide conversion concentration might become in 1. and 50g /further was obtained for 
the nitric acid (the Wako Pure Chem Industries make, 60 - 61% of purity). Subsequently, 11. of 
obtained mixture was moved to the container equipped with the steam cooling pipe (capacitor), and 
it heated under churning at 100 degrees C for 12 hours. After cooling slowly to 20 degrees C, it 
added under churning of aqueous ammonia (the Wako Pure Chem Industries make, 25 - 28 % of the 
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weight of NH3 contents), and pH was adjusted to ten or more. Solid liquid separation was performed 
for the obtained product by the nutsche, and 139.23g of precipitate was obtained. The obtained 
precipitate was measured with the Rigaku X-ray diffractometer "RINT1 100 mold" by CuK alpha 
rays, the tube voltage of 40kV, and 40mA of tube electric currents. An X diffraction image is shown 
in drawing 1 . Although the exact diameter of microcrystal cannot be measured, the X-ray intensity 
which shows crystallinity was about 700cps. Obtained sediment was calcinated at 500 degrees C for 
6 hours, and 50g of zirconium-cerium system lanthanum content multiple oxides of specific-surface- 
area of 92.7m 2/g was obtained. The specific surface area when heating the obtained multiple oxide 
for 6 hours each at 900 more degrees C, 1000 degrees C, and 1 100 degrees C is shown in Table 1 
and drawing 5 . Moreover, the diameter of microcrystal for which it asked from the X diffraction 
image is shown in drawing 4 . The specific surface area after 6-hour heating was 24.7m2/g at 1 100 
degrees C. As a result of the component analysis, the zirconium in a multiple oxide, the cerium, and 
the content rate of a lanthanum were a zirconium dioxide, the second cerium of oxidation, and 
lanthanum trioxide conversion, and were 65.1 % of the weight, 29.9 % of the weight, and 5 % of the 
weight, respectively. 

[0027] 93.52g of zirconium hydroxide, cerium sol 100ml, and 16.67ml of lanthanum nitrate water 
solutions used in the example 2 example 1 were mixed, and the mixture of 

ZrO2:CeO2:La2O3=75:20:5 (weight ratio) was obtained. Into the obtained mixture, further, it added 
so that it might exist by the mol 6.2 times, and 11. of total cerium mol mixture adjusted by desalted 
water so that oxide conversion concentration might become in 1. and 50g /further was obtained for 
the nitric acid. Subsequently, it agitated and heated like the example 1, aqueous ammonia was added, 
solid liquid separation of a product was performed, and 142g precipitate was obtained. X diffraction 
measurement of the obtained precipitate was carried out on an example 1 and these conditions. 
Although the exact diameter of microcrystal cannot be measured, the X-ray intensity which shows 
crystallinity was about 700cps. Furthermore, it calcinated like the example 1 and 50g of zirconium- 
cerium system lanthanum content multiple oxides of specific-surface-area of 1 15.7m 2/g was 
obtained. The specific surface area when heating the obtained multiple oxide for 6 hours each at 900 
more degrees C, 1000 degrees C, and 1 100 degrees C is shown in Table 1. Made in [ after 6 hour 
heating ] the non-front face was 22.4m2/g at 1 100 degrees C. As a result of the component analysis, 
the zirconium in a multiple oxide, the cerium, and the content rate of a lanthanum were a zirconium 
dioxide, the second cerium of oxidation, and lanthanum trioxide conversion, and were 74.9 % of the 
weight, 20.2 % of the weight, and 4.9 % of the weight, respectively. 

[0028] 93.52g of zirconium hydroxide used in the example 3 example 1 and cerium sol 125ml were 
mixed, and the mixture of Zr02:CeO 2= 75:25 (weight ratio) was obtained. Into the obtained 
mixture, further, it added so that it might exist by the mol 5.5 times, and 11. of total cerium mol 
mixture adjusted by desalted water so that it might become the oxide conversion concentration of 
50g/l. further was obtained for the nitric acid. Subsequently, it carried out like the example 1 and 
141.62g precipitate was obtained. X diffraction measurement of the obtained precipitate was carried 
out on an example 1 and these conditions. Although the exact diameter of microcrystal was not able 
to be measured, the X-ray intensity which shows crystallinity was about 700cps. Furthermore, it 
carried out like the example 1 and 50g of zirconium-cerium multiple oxides of specific-surface-area 
of 1 12.4m 2/g was obtained. The specific surface area when heating the obtained multiple oxide for 
6 hours each at 900 more degrees C, 1000 degrees C, and 1 100 degrees C is shown in Table 1. Made 
in [ after 6 hour heating ] the non-front face was 20.4m2/g at 1 100 degrees C. Moreover, as a result 
of the component analysis, the zirconium in a multiple oxide and the content rate of a cerium were a 
zirconium dioxide and the second cerium conversion of oxidation, and were 75 % of the weight and 
25 % of the weight, respectively. 

[0029] 16.67ml (Anan formation incorporated company make, purity of 99.9%, neodymium oxide 
conversion concentration of 150g/l.) of nitric-acid neodymium water solutions was mixed with 
81.05g of zirconium hydroxide used in the example 4 example 1, and cerium sol 150ml, and the 
mixture of ZrO2:CeO2:Nd2O3=65:30:5 (weight ratio) was obtained. Furthermore, it added so that it 
might exist by the mol 6.5 times, and 11. of total cerium mol mixture adjusted by desalted water so 
that it might become the oxide conversion concentration of 50g/l. further was obtained for the nitric 
acid. Subsequently, it carried out like the example 1 and 138.24g precipitate was obtained. X 
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diffraction measurement of the obtained precipitate was carried out on an example 1 and these 
conditions. Although the exact diameter of microcrystal was not able to be measured, the X-ray 
intensity which shows crystallinity was about 700cps. It carried out still like the example 1 and 50g 
of zirconium-cerium system neodymium content multiple oxides of specific-surface-area of 91.3m 
2/g was obtained. The specific surface area when heating the obtained multiple oxide for 6 hours 
each at 900 more degrees C, 1000 degrees C, and 1 100 degrees C is shown in Table 1. The specific 
surface area after 6-hour heating was 23.8m2/g at 1 100 degrees C. As a result of the component 
analysis, the content rates of the zirconium in a multiple oxide, a cerium, and neodymium were a 
zirconium dioxide, the second cerium of oxidization, and neodymium oxide conversion, and were 65 
% of the weight, 30.1 % of the weight, and 4.9 % of the weight, respectively. 
[0030] 16.67ml (water solution of an aluminium nitrate and 9 hydrate by Wako Pure Chem 
Industries, 99.9% of purity, and aluminum-oxide conversion concentration 150 g/1) of aluminium 
nitrate water solutions was mixed with 81.05g of zirconium hydroxide used in the example 5 
example 1, and cerium sol 150ml, and the mixture of ZrO2:CeO2:aluminum2O3=65:30:5 (weight 
ratio) was obtained. Furthermore, it added so that it might exist by the mol 6.1 times, and 11. of total 
cerium mol mixture adjusted by desalted water so that it might become the oxide conversion 
concentration of 50g/l. further was obtained for the nitric acid. Subsequently, it carried out like the 
example 1 and 137.94g precipitate was obtained. X diffraction measurement of the obtained 
precipitate was carried out on an example 1 and these conditions. Although the exact diameter of 
microcrystal was not able to be measured, the X-ray intensity which shows crystallinity was about 
700cps. It carried out still like the example 1 and 50g of zirconium-cerium system aluminum content 
multiple oxides of specific-surface-area of 90.9m 2/g was obtained. The specific surface area when 
heating the obtained multiple oxide for 6 hours each at 900 more degrees C, 1000 degrees C, and 
1 100 degrees C is shown in Table 1. The specific surface area after 6-hour heating was 24.2m2/g at 
1 100 degrees C. Moreover, as a result of the component analysis, the content rates of the zirconium 
in a multiple oxide, a cerium, and aluminum were a zirconium dioxide, the second cerium of 
oxidation, and aluminum-oxide conversion, and were 65.1 % of the weight, 30 % of the weight, and 
4.9 % of the weight, respectively. 

[003 1] 16.67ml (water solution with a magnesium nitrate and 6 hydrate by Wako Pure Chem 
Industries, a% [ of purity ] of 99.9, and a magnesium-oxide conversion concentration of 150g [/l. ]) 
of magnesium nitrate water solutions was mixed with 81.05g of zirconium hydroxide used in the 
example 6 example 1, and cerium sol 150ml, and the mixture of ZrO2:CeO2:MgO=65:30:5 (weight 
ratio) was obtained. Furthermore, it added so that it might exist by the mol 6.1 times, and 11. of total 
cerium mol mixture adjusted by desalted water so that it might become the oxide conversion 
concentration of 50g/l. was obtained for the nitric acid. Subsequently, it carried out like the example 
1 and 137.79g precipitate was obtained. X diffraction measurement of the obtained precipitate was 
carried out on an example 1 and these conditions. Although the exact diameter of microcrystal was 
not able to be measured, the X-ray intensity which shows crystallinity was about 700cps. It carried 
out still like the example 1 and 50g of zirconium-cerium system magnesium content multiple oxides 
of specific-surface-area of 91.6m 2/g was obtained. The specific surface area when heating the 
obtained multiple oxide for 6 hours each at 900 more degrees C, 1000 degrees C, and 1 100 degrees 
C is shown in Table 1. The specific surface area after 6-hour heating was 25.3m2/g at 1 100 degrees 
C. As a result of the component analysis, the content rates of the zirconium in a multiple oxide, a 
cerium, and magnesium were a zirconium dioxide, the second cerium of oxidation, and magnesium- 
oxide conversion, and were 65.1 % of the weight, 30 % of the weight, and 4.9 % of the weight, 
respectively. 

[0032] 16.67ml of lanthanum nitrate water solutions was mixed with 81.05g of zirconium hydroxide 
used in the example 7 example 1, and cerium sol 150ml, and the mixture of 

ZrO2:CeO2:La2O3=65:30:5 (weight ratio) was obtained. Furthermore, it added so that it might exist 
by the mol 7 times, and 11. of total cerium mol mixture adjusted by desalted water so that it might 
become the oxide conversion concentration of 50g/l. further was obtained for the nitric acid. 
Subsequently, it carried out like the example 1 and 138. 04g precipitate was obtained. X diffraction 
measurement of the obtained precipitate was carried out on an example 1 and these conditions. 
Although the exact diameter of microcrystal was not able to be measured, the X-ray intensity which 
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shows crystallinity was about 700cps. It carried out still like the example 1 and 50g of zirconium- 
cerium system lanthanum content multiple oxides of specific-surface-area of 108.1m 2/g was 
obtained. The specific surface area when heating the obtained multiple oxide for 6 hours each at 900 
more degrees C, 1000 degrees C, and 1 100 degrees C is shown in Table 1. The specific surface area 
after 6-hour heating was 24.5m2/g at 1 100 degrees C. As a result of the component analysis, the 
zirconium in a multiple oxide, the cerium, and the content rate of a lanthanum were a zirconium 
dioxide, the second cerium of oxidation, and lanthanum trioxide conversion, and were 65.1 % of the 
weight, 30 % of the weight, and 4.9 % of the weight, respectively. 

[0033] 33.3ml of lanthanum nitrate water solutions was mixed with 81.05g of zirconium hydroxide 
used in the example 8 example 1, and cerium sol 83.3ml, and the mixture of 
ZrO2:CeO2:La2O3=65:25:10 (weight ratio) was obtained. Furthermore, it added so that it might 
exist by the mol 5.8 times, and 11. of total cerium mol mixture adjusted by desalted water so that it 
might become the oxide conversion concentration of 50g/l. further was obtained for the nitric acid. 
Subsequently, it held for 6 hours, having put 11. of obtained mixture into the pressurization reaction 
container (autoclave), and agitating under pressurization (2kg/cm2). Next, aqueous ammonia was 
added like the example 1, solid liquid separation of a product was performed, and 136.53g 
precipitate was obtained. X diffraction measurement of the obtained precipitate was carried out on an 
example 1 and these conditions. Although the exact diameter of microcrystal was not able to be 
measured, the X-ray intensity which shows crystallinity was about 700cps. Henceforth, it carried out 
like the example 1 and 50g of zirconium-cerium system lanthanum content multiple oxides of 
specific-surface-area of 102.6m 2/g was obtained. The specific surface area when heating the 
obtained multiple oxide for 6 hours each at 900 more degrees C, 1000 degrees C, and 1 100 degrees 
C is shown in Table 1. The specific surface area after 6-hour heating was 27m2/g at 1 100 degrees C. 
As a result of the component analysis, the zirconium in a multiple oxide, the cerium, and the content 
rate of a lanthanum were a zirconium dioxide, the second cerium of oxidation, and lanthanum 
trioxide conversion, and were 65.1 % of the weight, 24.8 % of the weight, and 10.1 % of the weight, 
respectively. 

[0034] 16.67ml of lanthanum nitrate water solutions was mixed with 130ml (triple-purpose metal 
industrial stock type firm make, purity of 99%, zirconium dioxide conversion concentration of 
250g/l.) of example of comparison 1 zirconium-nitrate solutions, and cerium sol 150ml, and the 
mixture of ZrO2:CeO2:La2O3=65:30:5 (weight ratio) was obtained. Furthermore, 11. of mixture 
adjusted by desalted water so that it might become the oxide conversion concentration of 50g/l. was 
obtained. Subsequently, it carried out like the example 1 and 141.21g precipitate was obtained. The 
obtained precipitate was gel. X diffraction measurement of the obtained precipitate was carried out 
on an example 1 and these conditions. An X diffraction image is shown in drawing 2 . Although the 
exact diameter of microcrystal was not able to be measured, the X-ray intensity which shows 
crystallinity was about 500cps. Furthermore, it carried out like the example 1 and 50g of zirconium- 
cerium system lanthanum content multiple oxides of specific-surface-area of 97.7m 2/g was 
obtained. The specific surface area when heating the obtained multiple oxide for 6 hours each at 900 
more degrees C, 1000 degrees C, and 1 100 degrees C is shown in Table 1 and drawing 5 . The 
diameter of microcrystal for which it asked from the X diffraction image is shown in drawing 4 . The 
specific surface area after 6-hour heating was 7.1m2/g at 1 100 degrees C. As a result of the 
component analysis, the zirconium in a multiple oxide, the cerium, and the content rate of a 
lanthanum were a zirconium dioxide, cerium oxide, and lanthanum trioxide conversion, and were 65 
% of the weight, 30.1 % of the weight, and 4.9 % of the weight, respectively. 

[0035] 16.67ml of lanthanum nitrate water solutions was mixed with 81.05g of zirconium hydroxide 
used in the example of comparison 2 example 1, and cerium sol 150ml, and the mixture of 
ZrO2:CeO2:La2O3=65:30:5 (weight ratio) was obtained. Furthermore, it added so that it might exist 
by the mol 1 1 times, and 11. of total cerium mol mixture adjusted by desalted water so that it might 
become the oxide conversion concentration of 50g/l. further was obtained for the nitric acid. 
Subsequently, it carried out like the example 1 and 140.35g precipitate was obtained. The obtained 
precipitate was gel. X diffraction measurement of the obtained precipitate was carried out on an 
example 1 and these conditions. Although the exact diameter of microcrystal was not able to be 
measured, the X-ray intensity which shows crystallinity was about 500cps. It carried out still like the 
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example 1 and 50g of zirconium-cerium system lanthanum content multiple oxides of specific- 
surface-area of 96m 2/g was obtained. The specific surface area when heating the obtained multiple 
oxide for 6 hours each at 900 more degrees C, 1000 degrees C, and 1 100 degrees C is shown in 
Table 1. The specific surface area after 6-hour heating was 7.6m2/g at 1 100 degrees C. As a result of 
the component analysis, the zirconium in a multiple oxide, the cerium, and the content rate of a 
lanthanum were a zirconium dioxide, the second cerium of oxidation, and lanthanum trioxide 
conversion, and were 65.1 % of the weight, 30 % of the weight, and 4.9 % of the weight, 
respectively. 

[0036] 16.67ml of lanthanum nitrate water solutions was mixed with 81.05g of zirconium hydroxide 
used in the example of comparison 3 example 1, and cerium sol 150ml, and the mixture of 
ZrO2:CeO2:La2O3=65:30:5 (weight ratio) was obtained. Furthermore, it added so that it might exist 
by the mol 4.5 times, and 11. was obtained [ the nitric acid ] for the total cerium mol mixture adjusted 
by desalted water so that it might become the oxide conversion concentration of 50g/l. Subsequently, 
it carried out like the example 1 and 140.67g precipitate was obtained. The obtained precipitate was 
gel. X diffraction measurement of the obtained precipitate was carried out on an example 1 and these 
conditions. Although the exact diameter of microcrystal was not able to be measured, the X-ray 
intensity which shows crystallinity was about 500cps. It carried out still like the example 1 and 50g 
of zirconium-cerium system lanthanum content multiple oxides of specific-surface-area of 98.7m 2/g 
was obtained. The specific surface area when heating the obtained multiple oxide for 6 hours each at 
900 more degrees C, 1000 degrees C, and 1 100 degrees C is shown in Table 1. The specific surface 
area after 6-hour heating was 3.3m2/g at 1 100 degrees C. As a result of the component analysis, the 
zirconium in a multiple oxide, the cerium, and the content rate of a lanthanum were a zirconium 
dioxide, the second cerium of oxidation, and lanthanum trioxide conversion, and were 65 % of the 
weight, 30 % of the weight, and 5 % of the weight, respectively. 

[0037] 16.67ml of lanthanum nitrate water solutions was mixed with zirconium sol (purity [ of 
99.9% ], zirconium dioxide conversion concentration of 50g/l.) 650ml obtained by hydrolyzing 
example of comparison 4 zirconium oxychloride, and cerium sol 150ml, and the mixture of 
ZrO<SUB>2:CeO2:La2O3=65:30:5 (weight ratio) was obtained. Furthermore, 11. of mixture 
adjusted by desalted water so that it might become the oxide conversion concentration of 50g/l. was 
obtained. Subsequently, it carried out like the example 1 and 141.68g precipitate was obtained. X 
diffraction measurement of the obtained precipitate was carried out on an example 1 and these 
conditions. Although the exact diameter of microcrystal was not able to be measured, the X-ray 
intensity which shows crystallinity was about 500cps. It carried out still like the example 1 and 50g 
of zirconium-cerium system lanthanum content multiple oxides of specific-surface-area of 1 15.7m 
2/g was obtained. Chlorine was detected 0.18% of the weight. The specific surface area when 
heating the obtained multiple oxide for 6 hours each at 900 more degrees C, 1000 degrees C, and 
1 100 degrees C is shown in Table 1 . The specific surface area after 6-hour heating was 6.9m2/g at 
1 100 degrees C. As a result of the component analysis, the zirconium in a multiple oxide, the cerium, 
and the content rate of a lanthanum were a zirconium dioxide, the second cerium of oxidation, and 
lanthanum trioxide conversion, and were 64.9 % of the weight, 30.2 % of the weight, and 4.9 % of 
the weight, respectively. 
[0038] 
[Table 1] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the graph which shows the X diffraction result of the precipitate before baking of 
an example 1 . 

[Dra wing 2] It is the graph which shows the X diffraction result of the precipitate before baking of 
the example 1 of a comparison. 

[Drawing 3} It is the graph which shows heating weight change (TG) of the precipitate of an 
example 1. 

[Draw ing 4] It is the graph which shows the heat-resistant comparison of the example 1 and the 
example 1 of a comparison which were expressed from burning temperature and the diameter of 
microcrystal. 

[ Drawin g 5] It is the graph which shows the heat-resistant comparison of the example 1 and the 
example 1 of a comparison which were expressed from burning temperature and specific surface 
area. 

[Translation done.] 
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[Drawing 5] 
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tif^JI i ] 5 0 0~ioo ox:X'm^.Lxntz^ 

iffln^T, Rffi£Rft3!l#<. zSfrz-VA&lf-k 

y •> a mtt.iSfr3-'}j»8xswitt&--* y ^a 

KM* L^BulS^n^^A&^-b y ? AOlEi=!-Jt¥ 
#\ «*ifC5 1—9 5:4 9 — 5T"£>y. B«K5 0 0 
- 1 0 0 0 < CT'Mfi£L^f^Jt«ffi«*^ : 5:< fc i> 5 0 

x'j?%< t i> 2 omt/gn&MmmtimLxi'^z 
t tftwit-fz s;*3-w- b y >>A3Ra^BMkiii. 
[ ts^ra 2 ] tffgBflteiMbftftf . § (= w -v h y *> 

i"?A, */w>">a, >N'y»>A, r^s— ^a. f-?>- 
jjLh^ . mama* Lx^wm.x- o . 1 -2 om% 

[|f*^3] ¥*9&fl0. 5-5 0/xm^7kS!-ffc;^ 
an^f h'^cOT%fi[@3~l OOnmcT) 

•fey^AV^hs-^tf^i-^Sr, Ka^*«t»o>fe y *>a 

*/H*ic*fLT5~l 0te^/l^flKS##Tfc, JDJRR 
«SJ5 0 0-10 0 0t:t«L, ®v?t&z.ti 

w&ih-thm^m 1 x«i 2 KEHos^a-* a --ty 

?a, 7y^y< 77-t*i/'A. ^M-^'a, tv"j<> 
y 1 )^, ^N'y^A. ta-s-^a, >%x/j\7 
*trS**«3 JEttw^a-^A— fe y ^Ama-^^b 

[000 1] 

=J,Ua - ^A— fe y ^A^^IM^Atf **>«3t8*: 

ra-rs. 

[0002] 

T'£>&S&. ^v-'^A, o^A^i:C:fL^><0«4Ji# 

IIWfflBttmi: LT^igft-fe y ->A*tmti. SHt#Bm 
TTBHRfciRKU mmm%TX'%cr)mm*m#,^Z> 



ttflUWWiHiii tr # t v >4 . 

[0003] £^^«WttJltm*llBffiS-tf:* b * fcUft 

ztX'ze>f8\mzW£L£ otLx^h. 
[0004] l*>u £ ^t^Mmun^mmtizm l 

HRfc*HS<z>iSttffli: ##*^*iSf*(cJfcttr 4 £ b 

[0005] taawDWf^Stcg^tfe^n^^A— fe y 
^A^^^W»it^a^MLT(i. WitfttRFP 
6-279027 f i v 8-1601 5^ 

ate. V)va-*?Kv>vb*: y l^s 
a, 1000 'cwffik<oite$mm& ismt/zx-hh 

Z. b mmZtiX^Z . WBIPF 5-19394 8-f£« 
fc, Ce % Y. Ca. Mg$:if<*ffc£»fc*>»£flj£« 

izmMMsmwmmt* 1 0 5 o-c^fscoik^sa 
2mi/gX'fohZLbm?mztix^h. nm^5 

-1 1 694 5#&4I(CU % ¥%m@0. 0 5-0. 3 
At m2g.lX^B B a ?-S4 n mXXf^^^i^-TV^b . 

^iWk«i<oBj»tt{i. 8 5 o'CMj£f£?>itiSffi«an 5 
*?i*m-im<7im&xmb lx. wbpfs - 155622 

<7)*mm ■ *WBMtfH • BKk^fc'S-S-^U, Jn*^ 
im&lZ. 10 0 OXIft&SaoJtSffiSWS mVgf 
[0006] JiLhOV^-rtlO^ffit SWt-T^il-fbft^ 

KmiSLvtoXftmsfflw 1 0 0 ^m^mx. 
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[ o o o 7 ] mz&it$mm*n&jjmt lx 

m-rtiii X < , «£|f . # BUT 6-27902 7-^&« 
ai^W^F8- 16 0 1 S-^^fclBttSiti^n- 
ryVW ( 5 — 5 0 0nm«»^3^7 - 3n-f F 

m=F) *m\^mm>m i m.mx'hh. l*»u bkm* 

Stiiti^^Ifflli 9 0 0-CJjLhOSS^T' 
$>•?>. 

[0008] 
[0009] 

[SHBI&»»r*fc«><o*S] **3§#li. t^Sffifc 

A fclMfrfe y *a fc<3ffl*is^?«i^BHfcfc*»*2r 
fth LT»^TV%i>, i^n-^AvOPj^fii^rJ 
-»7Aig<7)*}g?gi;. ■fey^AV/^Wi-feU'^tS* 

IWSBfMi. ^ftttC*4fc AjWK^*/1^-(c» LX 
m&bxm&X'h 0 . wstcfc OlMEaitoMMialiA 

-*?£.mmtLx. ztizx-mKH-if^tiKfr-otzTm 
{ti?jiszi—v&&?<7)fflmb%<?)ftime>9mi l z'2^xtfi 



[0010] -r^r*)*.. *^BJtC«tfL(f . 5 o 0 — 1 o 

o o -cT-^ffc Lxntzm^m<mx'$> -> x , §£?s-£BHb 

^\ ^/Un^A&tf-fey^Afc-tv*, gj-ft^VUn- 
*7A&t*B!-fkm--t: y *7A^S: L^mne^n - 
St^-fe y »7AOS5-g-Jt** s . «*JtT5 1 — 95:49 

v^A. y^-tXiSA.^ tti/A, tv^ 

A, i-DtW. #K y — ^A „ -?^*i-«7A. ijiV 
v"7A % Ay7A. T^5--7A, +?>'lkXfs\7—*r 

^3tLTiD-£-fh£T-0. l~2 0Sl%-ttL, buIS 
5 0 0-1 000 *CT'&i£ Lfct^ifcgiilfflt j6*>J«3: < t 
tSOmVgrSL, *»0 1 1 0 0°CT'6B#SJD»^ 
»C*iVvC*K:< fc t 2 Om*/g<Oj£i6®«£*(8#LT 
£ i: £#!8i:-f & S^n— <r A— fe y «7 A^^-B! 
flSBW^IfltSti.*. 4fc« **^Bfe:J:fUjf. ¥%fi@ 
0. 5— 5 OAtm^BI^VP^-^Ai:. 3D-f Kf4 
=f-<m-$m&3~~ 1 OOnm^'J^A/M^, 

T^t^-yA, ^^*A, tVJ^A. JL-ob-^A. 
^TK y — "7A V *)Vis*7l*^ /N*y>A % 

7VUS-«7A. ^-^vs.lXy\7-'7AO^*^^:l,p 
J:0^R$*LSl«X«±2aULb^tf^-^jS-, Kig 
^+<7)-fe y «>A*;HR(C«UT 5—1 Ofg^/POigB? 

K^-y:. # t>ixti*kffltot: 500 — 1000 "CTMtS 
L, ttiW-i^fc^WrfSk-rsifriE^a-^A— try 

[00 11] 

h. *micr>i;jua—^j±-*v^j±&w.-&mtmzte 

^X. m^mtVntli. Br-fb^n^^AfcBt-fL-fey^ 

2*ttfmzm.iim<7)m§x'%<. ®ttt*)XimM#nzm 
■&wnmjbmmmf*£Bj8. lx » h t m m o . £ 
^iMtft*jft««tmfc LT^ffl Ltzm^izwmmw ■ 
mzm£^-?<?>ii. mit±wj*imx'hz>ifi. mit^ 

;^^-'>A^{i:C:£7)B?-^t:•fey'>Ac7)i^^t4$:S* , ). & 
^iaSSBHTBSBifiJR • ^aitgSr^»$-fri»#ffl^*'f- 

[0012] *l|Bj£7)^Bt-ftfe^tJ^T, -ir*?ns 
^3^-7AS.?/-b y >7Atf0E-^Jt^(±. mfci»vn - 
•7A (ZrOj) &lflRft»--bU »>A (C e O, ) {=» 
»L^Sfl:itT'5 1 — 9 5 : 4 9-5. *?£L<«:5 5 
-85:4 5-1 5. Htc»4 L<<i6 0-8 0 : 4 0 

-2o-c&.g>. mit^/^-^^wL^itmt^ i*>n 

h fciW&te y ^Afig^fcJ: SBz^cRiR • ftfflf&WFJW 
i>. «-&B!-ft^ c t'0^'/P3^'>AS.l^-t y^A^ff-ft- 

mfete. mitisrua-v&mmitm-* y ^a^ 

T8 0**%JiUt#*f 4 
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[0013] *w%cr>m&mtm$. 500-1000 

mmcOffif&X'htltt 9 OmVg«±, 9 0 0°C-C'6B# 
S^M^T'SbfLtf 7 Om2/gJiUi. 10 0 0*CT*6B$ 
m<7Mf&X-btH£ 5 0 m* / gfeLhcOiSV ^Jt^ffiW^^ 

li, 110 0 <> CT-6B#SJQ^f*tC*3V^T^< ti>20 

— t: o ^A^m^mLmzn^x «*n& 1000 
•ctJUbT'^ <r>m?tf%mx'h h^t t>m t>ti. mf<m 
tfx&fcmmimw i> mmm 9 0 ot^ttsmw-* 

o ox:mmnTS&x'mi^f&%mmft , ®mizi>&m*s 

iMStt^WJRtt^aHiiSlKi: LTU:fiyH£:ft6SjK<?>± 
ISt^^^il^ 110 O'CSr^t U 110 O'CT'6 

<m$&£W±bLtz. tea. *mnz&\^xitMW&t 
[0014] *%wr>m&mwm±. =j)v?-*7J±m? 

yy^'JM^ ^M-^'A. f7'JW, a.— n 
^K'J-^A, -?y*>"?A. i])Vis*7A^ /< 

m£ r >MffiZi\z> imx\&2mxt*mmm.LX'& 

ffSTO. 1-2 0ftfi^cD&BT--&* LT^TkJi 

0. -iWifcHjRtt^tiitifsittii. - 
OlgL 0. lS&%*ffiX'tiWmmB£®5kimii'>t> 

tmiz&Tt. mtm&tzmmLizm&&m#ztizm 
mmu ■ tsuamtf^&t&nxiifz l<&^. 
[ooi5] *mw8BB%mt. m§zm&wnmin 

[0016] «ffiWje«s^3-^jStfltt. ^fcig 
0. 5-50^m, lifi t<«il~30^m. SCiSFS 
L<(i5~2 S/zmCO^-fC^/P^^AT'^i.. ^ 



m*«i*«^4a^lWl:ai<oa:fiiiiSbWIST-r&. K 
*B?-fb^Urj-^Ai:{i. (l)*^-fk^rJ^AZ r 
(OH) 4 • nH 2 CK (2) :* 3f ^*!Hfc>'7UrJ-'7AZ 
rO (OH) 2 • nH 2 0, (3)^*1^3— TZ r 0 2 • 
nH 2 0<0*g&T£>oT. JiMBfgL LTffl 

^&zktfxz&. mii*wztt.i'^- i yj±i±. mis® 

3B<^frftT'*#&£fc#T'£S. 4"T-k. flW^s^ 

ft (MKIIS) KiW-ofc. 
[0017] Mie^^-fe 'J ^flCBtt. 
<W«3~10 0nm, 0iL<fi5-8Onm, 
§ L<lil0~50n mtfO-fe V *7A.Y)VX'fo 

h. I-fe'JW^tll -*K=«ll3;h.iJ:3(;:. a 

XSW(CMjt^'Sli'r-?> D . 1 0 0 n m £M£ i>*^ 

« . tefc t Bt-fb^/p n =. ry a i rtfe-sittmn 

ffii=36^<*»W : f l tt»^>f -^-S y^^«ia*KH- (D 
LS-7000S) fci Otfo^:. HfrfB-fe'J^AV/KJD 

Titbit. ^ fcffflRna i: LT . S-ft-fe U A^fff 1 0 
0-2 0 0 g/U -y h;PSjKcOii| J Kc7)t<5D*^iJffl-C'# 

[0018] mEM^fciJV^-r . «Ti5*®^^3- 

-*>£.- *v vj*&m^Mim<?>®mtizttm-t&m.m 
itt%&j:di l zm£.m.m-&zttfx"£. mm. ^ 

^'j^Mzmntfz^m^K 1-95 : 

4 9~5fc^rl.J:-3(^^-rS0*W*Lvv 

^nmLmM<D7i<.tmz^L. xvv-vtom&mt 
Bo/ma* d ^^v^com&it. mfmtm<7>£stMX' 

1 0-2 0 0g/'Jvh;k #{C2 0— 1 5 0g/U>y 
h;^*^S*Lv^. HKS^ttfcHL ^(ciEbT, gtc 
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A, ttiSJx^ t7'J>>A, a.— DtW, tfK'J— 
A, ~7^*>"7A, #/U>">A, Ay>?A, 7VU$— 

ft* i axti 2am±^^sn-r^ <r t a*-e# s . «st 

LT<2, Sftlgis. »ffcsfc, BEBSS, -£<7)fl!i*?§ttlS?Io 

+*»^>jKf»*3&». *»flaaiaJi-"ctija:at*iviTi! 
^•ttfi* 5 o . i~2o «*% t «t a tmuk-cnm. 

[0019] mim.^<?>tof*MMi. ifffi-Tffo Mfi 

T, 5-10^. £?£L<t25. 5-8fTe/K § 
L<i2 5. 8~7«*/W0WI8*a=fcS-£*«& 

£ft*?^r?)*><0£ffi^*:i§l=rt2, -e^iggLSS-fc-t- 

#>t h —rivxm&tfim^ivgi t kiuk-wi 

¥f%M.cr>ffim£lFtEZiiZ>Zk £2 0 , rtlHfcS^a^ 
tfJSrSiOigU S^a—^A. -fey^Atfja&fcfcfrV* 

a*. & fc *»ft^3 -wfifinf t . 4 *>#m 

[0020] 19K«R#«TOiiiafeKJ5ii. 

0- 1 5 0°C, *?iL<f28 0— 14 0tt. RJS?B#S 

1- 36 BflBkoKHTff 3 £ i: tfX'% h . »* t < J2?£ 

Ex«jDjET-ci? o £ t ifix- # s . msTx-mmt 6 « 

1. 5-1 Okg/cmZSSOjDSTTitP^tfcJ: 
[0021] *»Bji<o!Ee#ffiTli. 5Jewc«a£jD£ 

IM^ffttTRJES -£fcffl-&ft * , Jff * L < 12 6 0 'C 
JHT, «pJCJSF4 L < 12 5 O-CJiTRC^iP L?tf&, 

t LT(2, ^IM^hU^A, ^Btfbfry^A, 7yt 



S£fc**T*a. Jni««a&^)*<0|Rfl02fi-&ftOpH 
O^-fb^il 5 i <h t J: oTS»tc«^$*i. p H# 1 0 

h z t s . m i xwa 2 {2ttsw-4*wuiosg*fi 

[0022] *%BJ^Sgit^T'{2, HulS«^a/>:^ 

mvcMznhz. k ifix% h . M^iast2 500—100 

0'OZ>|B^>ffiB(aaK£%R-?3 S. TRSlSJg^ 5 0 0 

naM8«tfk*j!^ff (u^msaisaTG-DTA 

-8 1 2HIftl) 5&fflV>T«KLsfc«MR*»^, ttfM 
^-{2 5 0 0 °CT-SST LT V ^ Z k tMtf>*& . , 
5 0 0*C*8rc«2^3r:i>A— fe y ^A^ 

ii&coxmmX'Z*^. H4<2, 5 0 0°CJjUi<7)iaKffi 
«fc:*iV^T. *«W (tt&O£tt09l ) hJt!K0iJltc2 

Timtitt. Llz<< (tttttt^tfiO . ^oT«v^it* 

ffia^ttw lt v ^ i t ##t&»* . mm(7m^m-(mk 

mwmRvmm&nmfr^&nizmxfft&fiK ttmrnm 
zmm-zwrnsmfAk Lxommtm^himt 1 
o o o*cjaTfcRs^r s . # * l < 12 5 0 0 — s 0 0 

•C, 3C(C»*L<I25 0 0— 6 0 0*Cf*4. ^B#^ 
t2iaSfc(7)*ia^v»-C3IS^LT2<, «F*L<<21 
— 1 0 IflBT* •& . *«Wt= 2 h &&m&M± ,500 

—100 oxKosmxhtiii *<nffiss&kfflamtiz£ t> 

■T. «UtW»tt**U. 1 1 0 0"C6B#HM*£*H> 
T^rfc 2 0 m«/ g J^Lh^ia ^VakWBL&ti LT t . 
[0023] WIHMW2. «WtS*ifca^«'ft3Bj&. - 
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[0024] 

tL. WfcllO O'C6^^S0»f^Ct5V^rfc^< 

mzittTmzmtfxmmtimnmimmt Lxmm 
X'% . m^^m^xtcomi&mx-^mmiMmxh o . 
7mm<om#x& ^mnm^m iz&\, ^xm^x^mx 
tttmicommmxte. m&tsimmmtim 

[0025] 

immm] izt. mmm&x/tm&nzj; vmzmmizm. 
w-t&tf. *mu±ztit>t,zmj£Zti& i><r>x&m\ 
[0 0 26] mmmi 

9. 9%. m.iti/tl'i-V^WmttS.AO. IMS. 
%. tf-mm. 18. 5 6 jum ) 8 1 . 0 5 gt . -k U *> 
KV)V (o-* • y°-^>^M. -fey^A-f:*^-^* 

5mm%ar. R-ft* y ^a^iis i o o g/y y h 

;U) 1 5 Om 1 t . 5il7y^y*ia (RWfb£8sS 

*tS9 9. 9%, mit^>^>mmm.\ so 

g/'J-yWH 16. 6 7m 1 i£;S-£-U Zr0 2 : 
CeO 2 :La 2 O 3 = 65:30:5 (Sifcfc) <7>*I-£ 

mz'&tz. nt>ixfzm-&m<,z. mizfm (mtmmTM 
m^nm. *&g6o~6 1%) is-t^A^we 

5 o g/y v vivktchko f,zm^xm^Ltzm.-^m 

£ 1 y -y h;M#fc. <^^T^#^ixfv:ia^-!t%l U y WUS: 

(3yfvt-) *«*fcS»t»L i o 

0*CC12B#H, 8Hrrcin8!!iL.fc. 2 OiCSTt^U 

r^e-r* ( mrnmxmziz&mi. nh 3 

^42 5-2 8*»%) £^#TTi?sfl!lU pH^I 
**ff V\ 8fcI8fej£ 1 3 9. 23 g»fc. »4>ftfc«BR 

y r r i nt iio omj xm^anmrnx 

CuKa^ ftWOkV^ ffSSE4 OmACJ: *)M 

sewc&o*:**. tgik&z^i-xmimim ooc 

P s T'$> i tz . m e>tUfzVagffil& 5 0 0 °CX 6 ^NaffiA 
JtSt®»92. 7m2/g<?5^;Ur7^A— fey> 
y**a^BMkfli 5 0 g »4>*ufc« 
•&SHt$5j£5EC9 0 0°C. 10 0 O'C. M? 1100'C 
JCT* 6 BtfflJnSft Lft t * <7>ifc*®S£* 1 StfB 5 £ 



■?. 1 1 00 , CT'6B#raiP»f*c0lt*Maii2 4. 7m 

r?^>>A N -fey^AS^v^vtfo-ir^sij-^ti. 

T\ Wil6 5. 1**%. 2 9. 9MM.%. RX/5 
mm%X'for>tz. 

[00 27] mmm2 

mmm 1 ^jhv vtafcRfcs^a^A 93. 5 2 g t * 

y^AVVUl 0 0m l&tXi^^^V^iSl 6. 6 
7ml fcSrS^U Z r 0 2 : C e 0 2 : L a 2 0 3 = 7 
5:20:5 (ftitt) *>ffl£ft£ftfc. #4>^^ 

ftt. setcWK&tt-fe y ^^6. 2fg^;ka-#s 

i-4«k dtcjgftiL. H£i^4t#l*aK«<5 0 g/y >y 

<?:^t\ SS6t0!ifcliafc:^ iig»L, 7>t 
-t*s-^Jdl. ^^coii^fit&^To-?:. i4 2g 

fe^ttSrin-rx|g^(i^7 0 0 c P s Xh->tz. 

mzmmmi tmmizim^-yx . it$mmi 1 5. 

7 m 2 / gco-J/u a -ij a - -t y ^ 5 v^-^ilg 
^KfflSBJ 5 0g^#fc. « ^tltz^M-fm ^55(~ 9 0 
0"C. 1 OOOt, S.t/1 1 0 0 o C^T#6^IStt[I»L 

tzt zoitmmmzm 1 ^-r. 110 ox:-c-6B#rain 

J»fiW)*«iiaH{i 2 2. 4mVgnof l :. ffim^-W 

^^Rxm^y^ym»x\ zti?ti7 4. 9WM 

%. 20. 2MA%&TS4. 9m&%X^tz. 

[0 0 28] mmms 

MtiM 1 xm\ ^A^tlt^tua — >> A 9 3. 52gtt 
y^AV/H 2 5ml ££ig-£U Zr0 2 : Ce0 2 = 
7 5:25 (Silt) <OM^S:»fc. »^.*uta^«l 
fc, SlcMRSr^-fey <7A^;K7)5. Sfg^/kJHjqtr 
* J: 0(=«SJWU. Mtlg^««^mK5 0 g/y y 
t ^rS J: p CKttWcrSWLfca^ft* 1 y -y h^Hf 

«v^t. mmmi tmm^n^x 141. 62go 

fe B Btt^SfXl»j:|!)7 0 0 c P s T'fcoTt. 
HfclOtfll 1 1 PI^CffoT^iBS 112.4 mV 
g^^n^A— b y ?a*&IM3M5 o 
»6<in:*-SiWl3ai&S <5>»C9 0 0"C. 1 0 0 0*C. 2i 
tXl 1 0 0-ClCT#6B#^D»t^^OJt*ffi«S-*l 

t^-r . 1 1 o o -ex- 6 mmmmmmmmi 2 0 . 

4mVgt^t. 4fc. IBJS^MrfOtSA. «^-fk 
fe^^VUrJ-^A. -fey>7AO#*SiJ-^{i:, R-fbvVP 
3->>A. RftfiS-HrU^ASWCs -e^'^7 5fifi 

%. 25ms%xh~>tz. 
[0029] mmmi 
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mmm 1 Tm^tz*witV)va=.*7j±& 1 . osstt 

•J-7AV/H 5 Om 1 mm^^'ATK?^ (FTO<k 
j£83S£*tlL 9%, K-fW^^AmaciUK 

150g/'j7W 16. 6 7mlh£ii-&U Zr 
0 2 : CeOj : Nd 2 0 3 =6 5 : 30 : 5 (SSJt) CO 

/V •/ h/Pfc3r£ i o tlfcig^TUgS t^?I-^j$- 1 'J 

•x Y)v%tz. <x^x\ mum 1 1 mmizfi^x 1 3 8 . 

2 4gOtt^^. ff^^^fe^Sfcfiaj 1 till 

m^i^i-xm^m^m7 ooc P st 
h^tz. zmzmmmi tmmiz^f-oxstmwm9 1 . 

3 m 2 / g CO =J)Va A — fe V A^*?}- A-£-:f1f 
£Rfl:«j5 0 g «r»fc. £>£9 

oo*c. 1 00 ox:, mfii 1 0 0-acT#6B#sJu» 

t /S t # tOit^M«$r« 1 ICS*-*-. 1100tt6^ 
V A&tflRfl:** ^A&gT\ tl 6 5 fi*%, 

30. imsxmfA. 9mm.%x'h-ofz. 
[0030] mmms 

mmm 1 x-m^tz^snt^ua—^ si. 05gt, 

-fe V ^A/^ 150mli, WIST^S -^A7k?§?g 

«L *$*9 9. 9%. gHbT^S-^Agt^itgl 5 0 
g/lCO*?§?£) 16. 6 7m 1 fc£*g-£U Zr 
0 2 : CeOj : A I 2 0 3 =6 5:30:5 (fiSJt) CO 

ii-^i . mmmz u ? a^pco 6 . 1 «he 

;kfr#3^£ X 5 (cgsJD t . JE£BMMMAJtiRft 5 0 g 
/U y WWfcfc* X dtcK«*"CiaaEUfca^** 1 U 
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